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Mycts @ = 10006/c = 628 pap/c, I,= 2:-10*r.cm?, r=0,5cm, R = 8cm,
a =20° Torpa Fp==70 H.

6. anocxonnqecxue a¢deKTH HCTIONB3YIOTCA B JHCKOBLIX MEAbHHLAX. Maccna-
HBIH UWIMHIPHUECKHH KaToK (GeryH), MOTVIIMH BpamaThCAd BOKPYT CBOGH IeoMeTpH-
YeCKOH OCH, NPUBOAMTCSI BO Bpalllellue BOKPYT BePTHKaAbHOH OCH (C YrJoBOfi CKO-
pocThio ) M KaTHTCH 1o TOPH30HTaIbHOMK onopHO# nunTe (puc. 158). Takoe Bpaienne
MOXKHO paCCMaTpHBATb KaK BBIHYXKJACHIYIO MPCUCCCHIO THPOCKOTA, KAKOBLIM SIBJISICTCA
Geryn. Ilpu BEIHYKAEHHOH IIpeLieCCHH BO3PacTaeT CHJIa JaBjelHsl GeryHa Ha TOpH-

30HTANBbHYIO IVIHTY, N0 KOTOpo# OH KaTHTCA. Dra
£ cuna pacTHpaeT H H3MeJabyaeT MaTepHal, IOACHI-
W naeMbiil 1107 KaTOK Ha WJHTY. BLUHCIHTL NOJMHYIO

~ CHIy JAaBJeHHSA KaTKa Ha OHOpHle TUIHTY.
Q2 1
r \4 Oreer. Frp=P4+ ——nu “ —P—i——2— mQz2r,
: ﬁ ‘ rie P — Bec Oeryna, m — ero Mmacca, r — pa-
7 7 anyc. Ilyets 7= 50 cm. Torpa npu paﬁoqen CKO-
Puc. 158 pocte 1 o6/c u,- cregosatennHo, @ =2m pan/c

nosyuaem 1/, szr == mg = P. CregoparejnHo,

Fpap == 2P. OGpaTuTh BHEMaHHe, YTO TOJHBIH MO-
MeHT umnynanca L He HampasjieH BAOJb ocH (QHIYpbl GeryHa, Tak Kak HMeeTCs efie
MOMEHT, BO3HHKAIOUMH H3-32 BpallleHHd BOKPYT BepTHKalbHOH ocH. OQnHako mno-
CleIHHH MOMEHT OCTaeTCs HEH3MEHHLIM NDH BpAlIEHHH KaTKa, a MOTOMY NpH pelle-
HHH 33134 €ro MOXXHO He NPUHHMAarb BO BHHMaHHe.

7. duck papuyca r, Bpamatoomuiicd BOKPYT COGCTBEHHOH OCH ¢ YIJIOBOH' CKOpPO-
CTBIO @, KaTHTCSl Ge3 CKOJIbXKCHUS B HAKJOHHOM TOJIOXKEHHH IO TOPH30HTANbHOH
IVIOCKOCTH, OIHCHIBAsl OKPYKHOCTh 32 Bpems T'. Onpenenuts T ¥ papuyc OKPYXHOCTH
R, ecau R S>> r, a yroa Mexjy TOPH30HTaNbHOH MJIOCKOCTHI H JIJIOCKOCTBIO JHCKA
paBeH Q.
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§ 51. IlpumeHeHHsS THPOCKONOB

1. HayuHo-TeXHuYeCKHe NpUMeHEHHS THPOCKONIOB BeCbMa pasHoOGpasHH. B Kypce
(bH3HKH 0 HHX MOXEHO J1aTh JIHWb obliee NpeicTaBeHne. PacCMOTPHM NMPHHIKIEL Jei-
CTBHA HEKOTOPBIX eupockonudeckux npubopos, COBEpIIEHHO OTBJEKAasCh OT JeTaljei
KOHCTPYKTHBHOTO HJIH TeXHHYeCKOTO XapakTepa. ByneMm mpepnonarats, 4To Bee mpu-
6opsl H YC/IOBHS, B KOTOPHIX OHM paboTaloT, ABAAIOTCA uleasvHsimu. Tak, 6ylem
CYHTATh, YTO CHJI TPeHHUST H NMPOYHX BPEAHBIX CHJ HET, YTO MOMEHTLI HHEPIHH H MOMEHTHL
HMITyJIbCA KapJaHOBBLIX KOJIell NpeHeOpeKuMO Majbl 4 T.’I. B JefiCTBHTeNLHOCTH Bee
3TH (paKTOpBl OKAa3bIBAIOT CYIIECTBEHHOE, HHOT/A pewarolllee, BJAHAHHE Ha INOBejeHHe
peaabHoro rupockona. OOHAKO Mbl OTPAHHYHBAeM CBOIO 33JaYy BLISICHEHHEM JIHLIb
OCHOBHHIX HJIeH H NPHHIIMIOB, Ha KOTOPHX OCHOBAHO JAeHCTBHE FHPOCKOITMYECKHX MPH-
Gopos.

2. Haunem ¢ ypasHosewento2o (acmamu4eckoz0) THPOCKONA ¢ TPeMsI CTENeHAMH
co6oanl. TTycTb oH OplCTPO BpaiaeTcs BOKPYT CBoefi ocH ¢urypel. Ha nanpasneHue
OCH (UI'ypH THPOCKOIIA HE OKAa3hlBAlOT BJIHSIHHA CHJIA TSXKECTH, BpalleHHe 3eMuid,
a Takxe JI00Oble YCKOPEHHbIC ABHKEHHS TOUKH OMOpH. B oTcyTcTBHe cua, cospaomux
BpAalAlOI[{e MOMEHTEl OTHOCHTENBHO TOYKH ONOPH, OCh (HIypHl YDPaBHOBELIEHHOrO
THPOCKONA coXpaHsiia 6bl HeH3MeHHOe HanpasjeHHe OTHOCHTeNBHO 3Besf. Eciu ochb
(Hryphl THPOCKOTIA HANPABHTb HA KAKYI0-JIHOO 3Be3/ly, TO IIPH NepeMellleHHH ToC/eIHeH
1o HeGeCHOMY CBOJY OHA OYJET NOBOPAYHBATLCS OTHOCHTENBHO 3eM/IH, OCTaBasACh BCE
BpeMs HampapJieHHOH Ha TY e 3Be3lly. Tako#d THPocKonl mo3BoJIfeT 0GHApYXKUTb
CYTOYHOE BpaienrHe 3eMJIH, 4TO W ObLIO BIEpBble KayeCTBEHHO NPOJEMOHCTPHPOBAHO
¢panuysckum ¢usukoM JleoHom dyro (1819—1868). TpyaHocTH NMOXOBHBIX ONBITOB
ovenb BeJHKH. OHH CBS3aHBI C TeM, YTO HEBO3MOXHO IOJIHOCTBIO OCBOGOZHTLCS OT
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HeH30eXHOTO TpeHUs B MOJLIMIMHUKAX KapJaHOBAa MOABeCAa ¥ JAPYTHX BPEJHHIX CHJ,
CO3AAOIUX BpAalIAIONIHe MOMEHTE OTHOCHTENBHO LIEHTPA IOJBeca.

3. CBOHCTBO YpaBHOBEIIEHHOTO THPOCKONA COXPAHsITh HEH3MEHHEIM HanpaBJieHHe
ocH cBoeil (Uryphl HCMONb3yeTCS A/ aBTOMATHYECKOTO YNPAaBIEHHS JBHMKEHHEM
CaMOJABHXKYHIMXCSI MHH (Toprel), CaMmoJeToB, CYNOB, pPaKeT H INPOYHX AanmapartoB.
MoMeHT uMmyJbca THpockona L = J @ jo/KeH OHITh AOCTaTOYHO GOJBINHM, YTOOHI
YMEHBUIUTL BIHsSHHE TPEHHsI B NMOAUIMITHHKAX KApJaHOBA MOJIBECA U NPOUYHX BPeRHBIX
cuin. Och ¢urypsl Bpamamomerocsi THPOCKONA 3ajaeT Kypc JBHXeEHHs amnmapara.
Tlpu BCSAKOM OTKJOHEHHH ammnaparta oT Kypca (HanpuMep, BCJIe[CTBHe YAapa BOJH HJIH
JeHCTBHSL TOPLIBOB BeTPa) HaNpapjeHHe OCH (urypbl THPOCKONA B IPOCTPAHCTBE
coxpansercsi. 3HaUHT, OCb (GHIypHL THPOCKONA BMeCTe C PaMaMH KapJaHOBa MOJABeca
MOBOP aYMBaeTCsi OTHOCHTENBHO JABMXKYIIerocsi ammapata. IIoBopoT paM KapjaHoBa
nojiBeca ¢ NMOMOLIBIO TeX MM HHBIX NPHCNOCOOJeHUH BKJIOYAaeT ABHIaTesH, NPHBOAS-
mue B JeHCTBHe pyau ynpasaenus. TloclefHHe M BO3BpallalOT ABHXKEHHe ammapara
K 3aJaHHOMY Kypcy. B cilyuae Topmefnl, MOCKO/JIbKY ee JBHMKeHHe COBEpIIAeTCS B ro-
PH3OHTAIBHOR MJIOCKOCTH (IO NOBEPXHOCTH MOPs), IOCTaTOYHO OJHOIO THPOCKOTaA,
C ocbl0 Hryphl, OPHEHTHPOBAHHON B HampaeleHWH JBWxKeHusd. B clyuae camosera
TpeGytotes ABa rupockona. OIHMH, C BePTHKAJIbHOH OCHIO, 327aeT TOPH3OHTAIBHYIO
IIOCKOCTb, B KOTOPO# JOMKeH ocCTaBaThc caMoseT. JIpyrofi, ¢ TOpPH3OHTaNbHOMH
OCbl0, OPHEHTHPOBAHHOM BJOJbL OCH CaMoJeTa, 3ajaer ero kypc. Takusu «asmonuio-
mamu», OCBOGOKIAOIAMH JeTYHKA OT HeOOXOAHMOCTH HENPEPHIBHOTO YIpPaBJeHHS
caMoJ1eTOM, 06OPYIOBAHB! NMOUTH BCE COBPEMEHHEIE CaMOJIETH, NpeJHA3HAYeHHBlE AJIS
IJIHTEJIBHEIX [IOJIETOB. _

4. BaxHBIM TpHMeHeHHeM HeypPaBHOBELIEHHOrO T'MPOCKONA C TPeMS CTeNeHsIMH
CBOGOAH! SBNSAETCH CO3/@HUE UCKYCCMBEKHbIX 20pUBOHmMaA W éepmuKasi. 10 HeobXo-
JMMO B HABUTAL¥H B YCJIOBHAX OTCYTCTBHS BHAHMOCTH JIHHKH ropu3oHTa. HanpasieHue
BEPTHKAJIH B KaXJIOM MecTe 3eMHOro IIapa MOXKHO MPOCTO ONpPeJeJHTb C IOMOLLBIO
0OOBLIKHOBEHHOTO MasiTHWKA, TNPYMeHseMoro B xauecTBe oTBeca. OnHaKo Takoil cnocol
He TOJuTCS Ha Kopab/e HIH caMosleTe BBHAY HeH3GexHEIX YCKOPeHHH, KOTOpHe OHH
NoJy4aT npu Habope CKOPOCTH, MOBOPOTAX, KauKe H Np. B 3THX cayyasx BMeCTO
OGLIKHOBEHHOTO MASITHHKA HCHOJB3YETCsl 2UpPOCKONU4ecKill MaAmHuK (2upo20pusonin)
¢ oueHb GoJbliol npuBeneHHOH AMuEOH (cM. § 50, 1. 4). TIpu oTCyTCTBHH yCKOpeHHH
OChb THPOCKONHYECKOrO MAasiTHHKa YCTaHaBJHBaeTcsl BepTUkalbHo. Ecim anmmapar
IBHXKETCSH YCKOpPeHHO, TO MOSIBASIETCS MpPeLeCCHs!, YBOASUIAs oCh MasiTHHKA OT BEpTH-
KalbHOrO mojoxeHHs. OIHaKoO eciu mepuoj mnpelieccud T OuYeHb BEJIHK, a BpeMsi
YCKOpEeHHsI MaJIo 110 cpaBHeHHI0 C T, To 3a 3T0 BpeMst IpellecCHs, BBHAY €€ MeJJIeHHOCTH,
He yCIieeT 3aMeTHO OTKJOHMTh OChb THPOMAsITHHKA OT BepTHKaJIH (M. 3anauy 3 Kk § 50).
Jth ycjoBHsi coGMIOAATCH, HANpHMEp, NMPH NOBOPOTaX JABHXKYUIEroCsl amnmapara.
Bpems nosopoTa BCerja Majo no cpasHeHMIO ¢ nepuofoM T. Eute MeHee uyBcTBHTeNCH
THPOMAasiTHHK K Kauke Kopa6as. [leprop KauKH Bcerjga MHOTO MeHblie NepHOJA mpe-
ueccun T, a raBHOe, IIPH Kauke YCKOpeHHe 3a BpeMsi T MHOTOKPATHO H IIePHONHYECKH
MeHsieT 3HaK. Kauka MPUBOJHT JHLIb K MajO3aMeTHEIM KOJeGaHHSM OCH THPOCKOIH-
YecKOro MasTHHKA OKOJO BepTHKa/lbHOro TNoJioxkeHusi. HanGosee HeGiaronpusTHoO
Ha HanpaBJeHHe OCH THPOMAasfTHHKA BJIHsieT yBeJHUEHHe HJIH YMeHbLIEHHe CKOPOCTH,
KOTOpble MOT'YT JUTHTLCS! 3HAUUTEJbHOE BPeMsl H BEI3BBIBaTh, XOTA H He OUeHb GOMBINHE,
110 BCE K€ 3aMeTHHIe OTK/JIOHEHHA OCH (PHryphl THpPOCKOMA.

5. BaxkueHIIHM NpHMEHEHHEM I'HPOCKONA SBJISIETCS 2upOCKOnUHecKuiE Komnac,
NOJYYHBLIHR IIHPOKOC pacnpocTpaHenne Ha Kopabasax. OGbIYHEIA MarHHTHEIH KoMItac
noapeprKen AeHCTBHIO PasHoOGPa3HEIX BO3MYILUEHHH 3eMHOrO MarHHTHOIO MoJs (ma-
rudtaeie 6ypu). Ha ero noxkasanus BAHSIOT BO3MYILEHHS MarHHTHOTO NOJIsI, BBI3H-
BaeMble GOJLUIMMHE MaccaMy JKese3a Ha KopabJe, a TaKxKe pasjdyHbe 3JCKTPOJH-
HaMuUeCKHe BO3XeHCTBHS CO CTOPOHB! CJIOXKHOTO 3JEKTPOTCXHHYECKOTO 060pyAoBa-
nust Kopabnasi. B 3THX yc/0BHSIX Hcnosnb3osalie MarHUTHOrO KoMiaca Ha kopa6ie H
CTANOBHTCS TPAKTHYCCKH HEBO3MOXKHHIM. [HpockomuyecKuii KoMmnac CBoGOfeH OT
3THX HETOCTAaTKOB.

Wesi rHPOCKOIHYECKOrO0 KOMMaca Bhepsbie Gblia BbickasaHa Pyko B 1852 r.
OH npeasoxun A 3Tofl LeIH HCNOJL30BATh THPOCKON C JsyMa cineneHamu c6o600o
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B KapJaHoBOM nojBece. UTo6Hl Jiyulle ySICHHTh HICK THPOCKOIHYECKOTO KOMMaca,
a TAKXKe HEKOTOPLIX APYTHX THPOCKOIIMYECKHX NPHO0POB, MOCTaBHM BOMPOC IUHPE H
HCCleqyeM, Kak BejeT ce6sA THPOCKON, 3aKpelUleHHbIH Ha BPallaloueMCsi OCHOBaHHH.
6. 3axpenHM HenoJBHXXHO HapYyXKHOE KOJIbLO KaplaHOBa Mojseca (cM. puc. 144).
Tupockon 6yAeT JHIIeH ToH YCTOHUMBOCTH, Kakas Oblna CBOHCTBEHHAa eMy, KOTAa OH
obnagan TpeMs CTeleHAMH cBoGoibl. [IpHYHHA 3TOro, Kak ObLIO BBISICHERO B NpPCb-
IyieM naparpace, 3ak/o4aeTcs B TOM, YTO 3aKpellieHHe HaPYXKHOTO KOJbla JIHiaeT
TUPOCKOT BO3MOXKHOCTH COBEpINATh MpELeCcCHI0 BOKPYT IePTHKaNAbHOH OCH. Y TpaueH-
HYI0 CTeNeHb CBOGOJB! MOXKHO, OAHAKO, B H3BECTHOH CTeNeHH BOCCTAHOBHTh, €CJIH 3aKpe-
MHTh HAPYKHOE KaP/aHOBO KOJblIO Ha OCHOBAHHH, KOTOPOE MOXKET CBOGOIHO BPalLdThCs
BOKPYT BePTHKa/JbHOH ocH. Takoe 3akpem/ieHHe NPOCTO SKBHBANEHTHO YBCJHYEHHIO
MOMEHTa HHEPUHH HapY:KHOTO KoJbia. [TofBecHM K ocH rHpockona rpy3uk. OH BbHI3O-
BeT NpelleCCHOHHOEe BpallleHHe BOKPYr BepTHKaJbHOH OCH. JTO BpalleHHe MepefacTes
OCHOBaHHKIO, HAa KOTOPOM 3aKpen/eHO KapAaHoBO Koabuo. Bularogaps naauunio y oc-
HOBaHHSA COGCTBEHHOTO MOMEHTa HHEPLHH YTJIOBAas CKOPOCTb BpalleHHs ero £ 6yaeT
MeHblile YIVIOBOH CKODPOCTH €24, ¢ KOTOPOIl NpeleccH-
M poBan 6bl THPOCKOI, ecaH 6bl OH He 6Ll 3aKperJeH.
D Hanuuuwe ocHoBanus, TakuM oGpasoM, BeleT K TOD-
MOEHHIO TPEUeCCHH, BBI3BAHHOM Tpy3HKoM. [To 3Tol
/ NpHUHHe Tpy3uk OyAeT omyckartbest (cm. § 50, nm. 9
8

u 10). Ecny, Bo3JeHCTBYA Ha OCHOBAHHe, YBEJNHUHTb
YIJOBYI0 CKOPOCTb €r0 BpallleHust, uTo6bl OHA chefla-
Jack paBHOR €y, TO TPH MPeUECCHH TPY3HK 6yIeT
OCTABaTLCSA Ha MNOCTOSIHHOH BhicoTe. Ec/M ke ocHOBa-
, HHe BpalaTb CO CKOPOCThIO, Bosblueil ), TO TPY3HK -
! ' HauHeT MOJHHMATbCHA, NOKA OCh (UIYpbl THPOCKONA
He TNPUMeT BepTHKA/JbHOE MOJOKEeHHe, MPHYEM MOJ0-
XKHTENbHEBIE KOHell ee 6yaeT obpamen BBepX. [Ipu Bpa-
LIEHHH CO CKOPOCTBIO £ < &) WK B MPOTHBOIMOJOXK-
HOM HarpaBJeHHH OCb (HIYDPBI YCTAHOBHTCS TaKKe
BEPTHKAaNbHO, HO NOJOXKHTEJbHbIH KOHell ee 6yaeT 06-
paumeH BHU3. ONHCaHHOe MOBEAeHHE THPOCKOMA 06D~
SICHAETCSl TeM, YTO THPOCKON BMecTe C OCHOBaHHEM
BLIHYX/IEH BPauWlaThc BOKPYT BEDPTHKAJIbLHOH OCH € YIVIOBOH CKOPOCTBIO ®, OTIHUHOMN
OT CKOPOCTH £y, ¢ KOTOPOH OH mnpelieccHpoBasJ 6bl TONBKO Moj JeHCTBHEM Beca
rpysuka. baarogaps stoMy Bo3HHKaeT gedopMaLHs KpYYeHHs BepTUKaIbHOH ocH D' D
(cM. puc. 144). Hedopmanus KpyueHHst co34aeT Bpaulawiiki momentT M, mapan-
JeJbHbIH TOH e ocH. [loj JeficTBHEM 3TOrO MOMEHTa BO3HHMKAET MpPEleCCHOHHOE
BpallleHHe BOKDPYT TOPH30HTaNbHOH ocH B'B, B pe3yabTaTe KOTOPOro 0oCb THPOCKOMA
YCTaHABJHBACTCH BEPTHKAJIbLHO B TOM HJIH KHOM HalpabJeHHH, B 3aBUCUMOCTH OT TOTO,
C KaKOH CKOPOCTbIO K B KaKYI0 CTOPOHY BpautaeTcs ocHoBanue. Takas opHeHTaUHsI OCH
¢$urype THpocKona 6yeT HabMOAAThCS U B NMPejebHOM CJYy4ae, KOrja Macca rpy3nkKa
paBHa HYJIO, T. €. KOT1a IPy3uKa HeT H £y = 0. Jlerko coo6paszuth, 4TO B 3TOM CJay-
uae 0ct hueypbr 2upocKkona YCMAHABAUBREINCS NAPAAACALHO OCL BDAUECHU T OCHOBAHUS
u npumom max, 4mo oba 8paujeHLs cosePULAIOMCS 8 00URAKO8bIX Hanpagierusx (npa-
Buio ®yko). IIpo Takue OCH TOBOPAT, UTO OHH OOHOUMEHHO RAPAAACALHSL.

Bce 370 Jlerko AeMOHC1pHPOBaTh C MOMOLILBIO HEGOJBIIOTO THPOCKOTA B KapaHo-
BoM mozsece. JInsA GoJblicH HArJIsAHOCTH Mbl 3aMEHHJIH Ha PHC. 159 KpyrJble KoJbila
NpAMOYTO/IbHEIMH DaMKaMH. PacKpyTHB T'MPOCKON BOKPYT OCH (DMTYphI, BO3bMEMCH
PyKaMH 3a BHEIUHIOI paMKy H 6ylIeM Mel/lelHO NOBOPauHBaTh ee BOKPYT BePTHKaJb-
Hoii ocH. Ocb I'HPOCKONA MPHMET BEPTHKAIbHOE MOMOKEHHE H 1PUTOM TaKoe, 4To o6a
BpallleHHs] — BpalleHHe PAMKH H BpallcHHE THPOCKONA BOKPYT COOCTBEHHOH oCH —
6y4yT NPOHCXOAHTL B OAHY H Ty e cTopoHY. Ecau HayaTth BpauiaTe pamky B rpo-
THBOMOJIOXKHOM HampapJCHHH, TO TIPOH30HAET «ONPOKHALIBAHWE» THPOCKONA, T. €.
NOBOPOT OCH ero (HIYpbl BOKPYr TOpH3oHTadbHOI ocH A’A ma 180°. B pesyin-
Tare o6a ppaumenus OyAyT CHOBA COREpILATLCA B OIHOM HanpaBieHud. M Ta-
KOe ONpPOKH/LIBAHKE THPOCKONA GyAeT Ha6/0JaThcsl BCAKMH pas, KOrja Mbl MeHseM
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HanpasJ/eHHe BpAalleHH® HapyxKHOH paMKH. Bo BpeMf OMNPOKHALIBAHHS THpOCHONa
JEMOHCTPAToOp HCIBITHIBAET 3aMeTHOE BO3AEHCTBHE THPOCKOMHYECKHX CHJM, CTpeMsi-
[UXCS] MOBEPHYTh €ro0 BOKPYTI FOPH30OHTANbHOH OCH, NMEpPNeHIUKYJASIPHO K MJIOCKOCTH
HAPYXKHOH paMKH,

B Apyro#t neMOHCTpalHH ypaBHOBELIEHHBI THPOCKOT € IBYMS CTeNeHsIMU CBOGO bl
CTaBAT HA TOPHU30HTANbHBIH JHCK, KOTODBIH MOXKeT BpallaTbCcs BOKPYT BePTHKAaIbHOM

M

Puc. 160,

ocu (puc. 160). Ilpu BpaureHUH AHCKA OChb IMPOCKONA CTAaHOBHTCS BEPTHKAJbLHO.
ITpM H3MEHeHHM HANpaB/JeHHS HA TNPOTHBOMOJOXKHOE THPOCKON ONPOKHIBIBACTCH.
7. PaccMoTpuM Tenepb HIEl0 FHPOCKONHYECKOTO KOMIIAca, MpeioxeHHYo dyko.
[lycTs HapyxHOe KOJBLO B KapJaHOBOM TMNOJBECe THPOCKONA MOMXKET CBO6OJAHO
Bpawarbcs BOKPYT BepTHKalbHoH ocH D'D (em.
puc. 159). BuyTpeHHee KOJBLO KECTKO 3aKpen- Q
JIEHO B HAPYKHOM MOZ NpsAMbIM yrJoM. [Ipu 3Tux 3
YCJIOBHSAX OCb QUryphl rupockona A’A BBIHYXAeHa / Y
OCTABATLCA B TOPHU30HTAJNbHOH [JIOCKOCTH, COBIla- / ~
naolllell ¢ MJIOCKOCTBIO BHYTPeHHero KoJbua. Ona / fs)
MOXeT CBOGOZHO BpaUlaTbcsi B 3TOR  IVIOCKOCTH : 1
BOKDYT BepTHKadbHO# ock D’D. Tupockon cra- /
BHTCS HA TOPH3OHTaNbHYIO NOACTaBKY. [locnennss, /
KOHEYHO, YYacTBYeT B CYTOYHOM BPALIEHHH 3eMJH. /
Mycts @ — yryoBasi CKOpPOCTb BpawieHHsT 3eMiu /
BOKPYT CBoeH ocH. PasjoxuMm BeKTop @ Ha Bep-
THKaJbHYIO £, H TODH30HTAJNbHYI0 Q[ COCTABJAIO- L,
mue. BepTHKanbHasi cocraBasiomas He BJHSIET
Ha NOBeleHHE THPOCKONA, TAK KAK BOKPYT BepTH-
KaJIbHOH OCH OH MOXKET BpallaTbCsl COBCPUIEHHO CBO-
6onHo. [TosToMy OT HalHYHS Q5 MOXKHO OTBJCULCS. Puc. 161.
TopuaoHTaNbHast cocTapasowas Q. JeKHT B IIO-
CKOCTH MepHIMaHa, T.e€. HanpaeJeHa BAOJbL ho-
aydennoti aukuu. Takum o6pa3oM, Ha [NOBEICHHH THPOCKONA CKa3bBaeTCA Bpallle-
Hue 3eMId JIHIIb BOKPYT MOJYAEHHOH JHHHH pacCMaTpHBaeMoro MecTa. [lycrb
IJIOCKOCTb puc. 161 coBnajaer ¢ ropH3OHTAIbHOMR NJOCKOCTLIO. Pa3nokum BeKTop Q.
Ha COCTARJSIOULYI0 BJOJb OCH (PHTYDPHI THPOCKONa @y H COCTABASIOIWLYI0 Qy, K HeH

Lonydessing g
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neprneHnuKyAspHYo. IlepBasi cocTapAsomas Ha IBHMeHHe THPOCKONA He BJMSIET, Tak
KaK BpaMIeHHIO BOKPYT €ro ocH QHrypH Huuto He npensrctyeT. OcTaeTcs eqMHCTBEH-
Hasl COCTaB/sollas Q,, H3MEHeHHe KOTOPOl 0GYC/IOB/IUBaeTCs BpalieHueM 3emaH. I'u-
POCKOII He MO3KeT BpalllaThCsi BOKPYT OCH Q,, TAK KaK €ro oCh (DHTYPhl BHIHY K JIeHa OCTa-
BaTLCS B TOPH30HTAIBLHOH IJIOCKOCTH (B MJIOCKOCTH pHCyHKa). Ho on Moxker ceo6oano
BpamarsCca BOKPYT cBOeH ocH QHTYPH H BOKpPYI' BEpTHKaNbHOH OCH, T. €. OCH, TepneH-
IUKYJIADHOH K INIOCKOCTH DHCYHKa. TeM caMbiM paccMaTpHBaeMblii ciiydyall CBeneH
K C/Tyualo, MoApoGHO pa3o6paHHOMY B II. 6, IpHUEM POJb BEPTHKAIH HI'PAET HaNlp aB/ieHHe
BekTOpa Q. I103ToMy oCb GHUrypEI rHpOCKONA JOJKHA NMOBOPAYHBATLCH B MJIOCKOCTH
PHCYHKa B HamnpaBJeHHM K MOJYIEHHOH JIMHWH, CTPeMsCh cTaTbh OJHOMMEHHO mapan-
JIeJIbHOH ocH BeKTopa Q,. OJHAKO NMpH TaKOM BpallleHHH J/IHHA COCTABJAIOMEeH Oy
yMeHblaeTcsl, a cocrapjsioueli Q; — ysenuunsaercsi. Korna och ¢Quryps rupockona
YCTaHOBHTCA Napajl/lebHO TNOJTYAEHHOH JHHUHU, @, 06paTHICA B HYJ/b. B 9ToM nosoxe-
HHH TIOBOPOT OCH (HIyPH THPOCKONa, 06yC/AOBNEHHRIN BpalleHHeM 3eMJH, mpeKpa-
tutesi. Ilpu 5ToM, B coOTBeTCTBHH ¢ npaBumioM Pyxo, cobecTBeHHOE BpalieHHe THPO-
CKONa M BpaimleHHe 3eMJIH BOKPYT NOJyAeHHOH
JUHHH GYLYT MPOMCXONHTh B OJHHAKOBLIX Ha-
NpaBJeHHsX.

Unero rupokomnaca PyKo MOXKHO YSACHHTD
K uHave. Bpamenne 3eMaIH CTpeMHTCS BbI3BaTb

§' TOBOPOT OCH (PHIypbl FHpOCKONA BOKPYT Ha-

"fé npasjeHusl BekTopa €,. Ho Takoit mosopor

§ HEBO3SMOMEH, TMOCKOJIbKY OH BBIBOAHI OH OCh

RN\ GHIYpH THPOCKOMA M3 IWIOCHOCTH PHCYHKa,

B KOTOpO#l OHa BHIHYXKIEHA Haxofutbca. Ou
TPOSIBJSIETCH JUIIbL B 1edOPMAUKsAX H B TOSIB-
JICHHK BCJAENCTBHE STOrO BPAalAlOUErO  MO-
MeHTa M, MapaasiellbHOTO BEeKTopy Qp. ITOT
BpallalOmHi MOMEHT nepefactcss THPOCKONy H
BBLISHIBACT NPELECCHIO BOKPYT BEPTHKAIH, B pe-
Puc. 162. 3yJbTaTe KOTOpPOH OChb (PHIYpHI F'HPOCKONA IO-
BOPAYKBAETCs] K NOJNYASHHOH JHHHH, CTPeMSCh
. CTaTh OJHOMMEHHO MapaJJienbHol el.

8. Qyro yKasa/l TaKmKe, YTO THPOCKOI C IBYMS CTENEHSIMH CBOGOJBI MOXeT GbITh
HCTIOJIB30BAH B KaueCTBE UHKAUHOMempPA, T. €. Npubopa IJs oNpejeneHHs reorpadu-
YeCKOH LIHPOTH MeCTa. 3aKPeNKM HEMoABHKHO HapPYKHOE KOJBIO Kap/aHoBa NoJBeca
THPOCKOMA TaK, 4To6hl €ro MJIOCKOCTh COBMANa C IJJOCKOCTBIO TeorpagHyecKoro MepH-
InaHa. Y THPOCKONA OCTaHyTcsl ABe CTeneHH cBoGoasl. OH MOMET BPalaThCsl BOKPYT
ocH cBoel GHrypol H (BMecTe ¢ BHYTPEHHHM KOJBLIOM) BOKDYr TOPH3OHTaJbHOMH
ocu B'B, MepneHAMKYAAPHOH K IUIOCKOCTH MepuiuaHa. I1ycTh IuockocTs pHc. 162
COBMAajaeT C IVIOCKOCTbI0 reorpaduyeckoro Mepuauana. Ocb (QHTYpH THPOCKONa
MOKeT BpallaThCs TOJBKO B IIOCKOCTH PHCYHK@ BOKPYT FOPH3OHTAlNbHOW OCH B'B,
NepNeHABKYAAPHOA K 37Ol TockocTH. M3 NJIOCKOCTH pPHCYHKA OHa BHIXOJHTB
He MOXeT. Pas/ioXHM YIJIOBYI0O CKOPOCTb OCEBOTO BpallleHHs 3eman Q Ha
COCTEBJSAIOMIYI0 Q@ BJOJb OCH (UIYphl THPOCKONA H COCTABASIOILYI0 Q,, K Hel
nepneHfHKyAApHYy0. Ileppasi cocraBasitomnass poau He Hrpaer. CyluecTBeHHO
TOJIbKO BpalleHHe BOKPYr OCH BekTopa Q,. Mbl NpHUIMIH K TCH Ke CHTYalluH,
YTo M B TpelbiymeM NyHKTe Npu pasbope rupokomnaca Pyxo. I[osropus npu-
BEJCHHbLIE TaM pacCyXJeHHA, BHAHM, 4YTO OCb GHrypbl THpocKoma G6yJeT To-
BOpauuBaTLCA MO HANPaBJIEHHIO X ocu mupa (T.e. K OCH cOOCTBEHHOrO BpallEHHS
3emau). DTOT noBopoT GYAET COMPOBOKAATLCS YMEHbLUEHHEM IJTHHBEI BEKTOpa Q.
Korzaa och ¢urypsl rHpockona CTaHET OZHOMMEHHO mapaiesbHOH OCH MHpA, Bek-
Top Q5 06paTUTC B HYJMb, H IabHEelHH TOBOPOT THPOCKONA, BBI3BAHHBIN OCEBBIM
BpallereM 3eMsH, mpekparutcsi, TakuM o6pasoM, oCb (HI'YPEI CHPOCKONA yCTa-
HEBJIMBAETCSl OJHOHUMENIIO Napaj/e]bHO € OCBIO MHpa. YTroJ Mex1y 3THM Hanpas-
JIEHHCM H TOPU3OHTANBHOH TUIOCKOCTBIO H €CTh reorpaduuecKas IIHPOTAa paecMart-
pPHBACMOrO MecTa,
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9. T'upokomnac M THPOHHKJIHHOMETP PYKO He NOJNYYHIH MPAKTHYECKOTO NpHAMe-
nenusi. OHH JIHIUb TEOPETHYECKH DellaloT MOCTABJIEHHBIE NMepej HUMH 3aiaud. Baaro-,
Japst MeJJIeHHOCTH BpalleHHa 3eMJIH CHJIbl, BO3JEHCTBYIOlIHE HA THPOCKOM H3-38 TAKOTO
BpalleHHs, HHYTOXKHE H He B COCTOSHHH NPEOJIOJETh (H/IH ClIOCOGHE! IPE0oJIeTh C TPY-
JOM) TpeHHe B MOJUIMIHHKAX 3THX npuGopoB. Kpome Toro, TakHe NpHOOPHI B NpPHH-
M€ MOTIJIH Obl GBITh HCIIOIb30BAHB TOJILKO TOIZA, KOTJd OHM YCTAHOBJICHH Ha Hero-
IBHXHOM (OTHOCHTeJIbHO 3eM/1H) ocHoBaHHH. OHH He TOASATCSI HA caMoJCTax U Cyaax,
TakK KaK IPH JBHKEHHH N0CJeJHAX Pa3BHBAIOTCH YIVIOBblE CKOPOCTH BPalleHHH, a TAKKE
YCKOPEHHS,. BO MHOT'O pa3 MPeBOCXOJSIIHE COOTBETCTBYIOUIHE BeTHYHHBI IPH CYTOUHOM
BpAIeHHH 3eMHOro 1apa.

3ajaua co3flaHHsl THPOKOMITaca Obijia OCTaB/IeHa Ha 1P AKTHUECK VIO OCHOBY TOJBKO
nocJie TOro, KaK CTalH HCMOJb30BATh THPOCKON He C ABYMsI, @ C MPeMA CMeneHamy
c80600e:. THpockon gosxeH ObITh acmamudeckum. Ho actatuuecKHH rHPOCKON € TpeMs
CTeMeHsIMH CBOGO/E! HE MOJIBEDKEH BJIHAHHIO
Bpawenus 3eMaH. 3TY TPYAHOCTb MOKHO.
NpeoJoJIETh, €CIH CBS3aThb THPOCKON C Ka-
3 KHM-1i60 npHcrnocof/ienHeM, KOTopoe IOX-

Ceben

[ p U
‘V donad ] Bocmor
V-4 ’ ,/

)4 pe
Prc. 163, Prc. 164.

Beprajioch Ghl BO3JeHCTBHIO YKa3aHHOI'O BpAIleHHS H B CBOIO ovyepelb Bo3JeficTBoBaNo
Ha rapockor. [TosiCHHM 3Ty Helo Ha IpUMepe OJHOH H3 CTaphIX MOJeJeli THpoKoMMnaca,
NIOCTPOEHHOT'O M3BECTHEIM aMeDHKJHCKMM CTPOHTENeM I'HPOCKONHYECKHX mpuOopOB
Cneppu B 1911 r. H oka3aBuierocsl BIOJHE NPHIOAHBIM HABHIALHOHHHIM IPHGOPOM.
IlpucnocobienneM, 0 KOTOPOM TOBODHJIOCH BhILIE, 3/eCh SABASCTCH MAAMHUK, KECTKO
CBSI3aHHBIN C BHYTPeHHHM KOJIbLOM KapAaHOBa MojBeca. MasTHHKOM CJIYKHT TsxKesast
Ayra Q, IJOCKOCTb KOTOPOH NepHeHAHKYJsPHA K INIOCKOCTH BHYTDEHHEro KOJbUA,
a 3HAYUT, MapajuiesbHA IUVIOCKOCTH MaxoBHYKa rHpockona (puc. 163). Ilpusuwun gei-
ctBus npubopa upesBhMaiiHo mpoct. JJomycTuM, 4TO OCh Hapy:HOro koamua D'D
YCTaHOBJIEHA BePTHKAJBHO, a IVIOCKOCTb BHYTPeHHEeT0 KOJbla BMECTE C OChI0 THPOCKOTIA
A’ A — ropusoHTanbHO. B 3TOM NOJIOXKEHMH Ha THPOCKON He JeHCTBYIOT HHKaKHe Mo-
MeHTH cuil. Och Quryps rupockona A’ A, eclid ee HaNpaBHTb HA KaKylo-H60 3Be3ny,
HayHeT JBHTaThCH BMecTe ¢ Hefl. JlomycTuM, 4To ochb GHrypsl THPOCKOIA OTKJIOHEHA
OT NoJIyeHHOi JIMHUH, HalpHMep, K BOCTOKY (puc. 164). 3pe3na, Ha KOTOPYIO Hanpas-
JieHa 3Ta ocb, 6yJeT NoAHHUMAaTbest. BMecTe ¢ Hell HauHeT NOAHMMATHCA H MOJIOKHTENb-
Hblif KoHell ocH ¢urypsl rupockona A. Ho Torja HauHeT NMoBOpAYHBATHCS BOKPYT OCH
B'B u ayra Q. MOMEHT CHJIEL TAXKeCTH Kogbia M oTHoCHTeNbHO TOUKH O OyneT cTpe-
MHTBCSI ONYCTHTb TOYKY A H BHI30OBET IPELECCHI0 HPOCKONA BOKPYT BepTHKANLHOH
ocu D'D, B pesysbTaTe KOTopoit ock QUI'yphl MHpocKona 6yJeT NOBOPAYHBATLCA K MO-
JYJeHHOH JIHHHH, CTPEMSCh YCTAHOBHTHCH OJHOHMEHHO mapaulesbHo ¢ Hell. To xe
caMoe MPOU3OHIET, eC/IH NMEePBOHAYANBHO MOJOKUTEJLHBIH KoHell OCH GHryphl A GblI
OTKJIOHEH OT MNOJYAeHHOH JHHHH K 3amagy.

10. B 3akmouenne paccMOTPHM HJelo OJHODPeJILCOBOH Kejie3Ho# Jopord. Barow,
KaTsIHACA 110 OQHOMY peJsibCy, HeyCTOHUHB. [ cTabunu3auuy ero ABHKEHHSI MOKHO
NPHMEHHTb MaCCHBHHHA 'KPOCKON C TPeMs CTeneHsAMH CBOGOAH!, YCTAHOBIEHHEIH BHYTPH
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BaroHa, Kak ykasaHo Ha pHc. 165, a. Posib lapy»KHOro KosbIla KaplanoBa NojBeca
BBLINOJIHAIOT CTCHKH BAroiia. I[onyCTHM 4TO BAroM HakpeHuscst pnpaso. Cu/a THKeCTH
ewie Goblie GyeT CTPEMHTLCA ONPOKHHYTh BArOH B TY Ke cropony. OHa co3jpaeT Bpa-
IAMOHA MOMECHT, HaNpaBJleHHbIl 3a MJIOCKOCTL PHCYHKa NapalJeflbHO NPOAOJIbHOH
ocH Barona. Yepes MNOAIIHIHHKH 3TOT MOMEHT mepejactcsi rHpockony. I'Mpockonm
HAYHeT NpeLeccHposaTh, UTO BbI30BeT HAKJIOH BHYTpeHueil pamsl (pHc. 165, 6). Ecan

2) 6)

Puc. 165.

KakHUM-1u6o CMoco6OM YCKOPDHTb 3Ty TpeLeccHio, To Bo3pacTeT BPallaioOHIl MOMEHT
CHJ1 NIPOTHBOAEHCTBHA CO CTOpPOHHI rHpockona {cM. § 50, nn. 9 u 10). Lientp TsakecTn
BaroHa HayHeT MOJHHMAaTbCSl, H BaroH BepHETCS B BepTHKaJbHOe ToJoxkeHnHe. Ta-
Koe BbIHYKJeHHOe YCKOPeHHe MpeLeCCHOHHOTO ABH:KEHUS paMbl JOJXKHO BRINOJ-
HATBCSI aBTOMAaTHYECKH. B yCTpoiicTBe COOTBETCTBYIOIIErO aBTOMATA H 3aKJOYaeTCd
BCSl TPYAHOCTb MPAaKTHYECKOTO OCYLIECTBJEHHS HJeH OJHOPEThCOBOH JIOPOrH.

§ 52. OcHOBbI TOYHOH TEOPUH CHMMETPHUHOTO FHpPOCKONa

1. Tounas TeopHsA CHMMETPHUHOTO THPOCKONA YYHTHBaeT pa3/HYHE HaNpPaBJieHHH
MIHOBEHHOH OCH BpAUEHHs, OCH (HI'YPHI H MOMEHTA HMIyNbC4 THPOCKONA OTHOCH-
TeJIbHO ero ToukH omnopnul. OHa CpaBeasHBa NMPH JIOOBIX COOTHOLIEHUAX MEXKIY YIJIO-
BBIMH CKOPOCTAMH @) H @, C KOTOPHIMH THPOCKON BpaimaeTCl BOKPYN OCH CBoedt

GUIYpH W NepreHAHKYJsApHOR K Heil

@, [——— @ s ocH. Opnako nanGoJjiee BaxKHble THPO-

i cKkomuYecKHe 3(QdeKTsl, KOTOPbIM TH-

pocKon 005i3aH CBOHMH Hay4YHbIMH H

TeXHWYECKUMH TNPHMEHEHHSMH, Ipo-

SBJSIIOTCS  JIHWb NPH  COBMIOACHHH
YCIOBHA ©) > O .

Ornoxum 0T TOUKH onopel Q
B MOJOXKUTENBHOM HAaNpaBieHHH OCH
GHUrypHl THPOCKONA EeJIHHHYHBIH BeK-
. Top § (puc. 166). Kouneunas touka
Puc. 166. Puc. 167. 3TOFO BEKTOpA HA3LIBAETCS 8epULULHol

eupocKkona. pOHSBOZlIIaH S HUMeer
CMBIC JHHeHHOo CKOPOCTH JBHXKEHUS BEDUINHBI r}{pocxona a NMOTOMY MOXKeT 6bITh

npeicTasieHa B Buae s = |@s] = [@ | S]. Tpu Bektopa §, ®) ¥ S B3aHMHO IEpIEH-
JHKYJSIPHBL B 0Gpa3yioT MPABOBHHTOBYIO CHCTEMY, KaK YKa3aHO Ha puc. 167. M3

9TOrO PHCYHKA BHJHO, 4TO @ | = [ss]. TTosTomy

L=I10,+1 o =105+, [ss] (52.1)




